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ELECTROMAGNETIC TRANSMISSION THROUGH A

SLOT IN A PERFECTLY CONDUCTING PLANE

I. INTRODUCTION

Although the computer program in [1] can treat the case where the
rectangular aperture is one subsection wide, i.e., Ly = 1 in Fig. 1 of (1],
this computer program is long and complicated. A computer program was
written specifically for the Ly = ] case. Relatively short, this program
is described and listed here. Iﬁ congists of a main program and the sub-
routines YMAT, PLANE, DECOMP, and SOLVE.

The formulas that are programmed are presented in Section II. The
main program is described and listed in Section III, the subroutine YMAT .
in Section IV, the subroutine PLANE in Section V, and the subroutines

DECOMP and SOLVE in Section VI.

II. FORMULATION

The magnetic current M on the z < 0 side of the aperture (see [2,

Fig. 2]) is expressed as

Lx—l
M = v, M )
where {Vj} are unknown coefficients and {g;} are expansion functions
defined by [1, Eq. (10)]
M = T, PO, 3el.2,.. L) (2)

Here, u is the unit vector in the x-direction, T,6(x) is the triangle

3

function defined by
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x - (4-1)dx (3-1)ax < x < jAx
T ) = { AERESE g cxo (M 3
0 |x-jax | > &x

and P(y) is the pulse function defined by

1 0<y<Aby
P(y) = (4)
0 all other y

Here, Ax and Ay are, respectively, the aperﬁure subsection lengths in
the x and y directions.
The magnetic field incident on the aperture-perforated conducting

plane of (1, Fig. 1] is either gey or Exx where

inc inc
1 k G + in ©
H g = u, (0 nc) ej (x cos z sin ) , f.einc < om (5)
inc inc
- jk(y cos ¢ + 2z sin ¢ ) inc
H u e » W< ¢ <27 (6)

Here, k is.the wave number. In (5), the incident ﬁave comes from the
direction for which y=0 and e-e‘“°. In (6), the incident wave comes
from the direction for which x=0 and ¢-¢inc. In (5), Ee(einc) is the
unit vector in the 6 direction evaluated at e-einc. In (5) and (6),

the first subscript on H denotes the polarization of the magnetic field,

and the second subscript denotes the plane of incidence. 1In (5), the ONTRER

plane of incidence is the y=0 plane. 1In (6), the plane of incidence
is the x=0 plane. Called the incident magnetic field, the magnetic
field (5) or (6) is the field that would exist in free-gpace, i.e.,

in the absence of the aperture-perforated conducting plane.




oM Uy Sl Pilon A Vi S B Wi Pub e 3 #C N SN D LRS- SO S AN P W b B A A S PR R A e Ry Pray Wiy S ply <ok Jooplh ek ai Bk Sag bl o 2 ¢

When the incident magnetic field is given by (5), the coefficients

{Vj} in (1) are the elements of the column vector V that satisfies

A > +inc
5 YV = - (P 7
: E g, )

wher >inc inc

e the ith element of the column vector (P )ey is called (Pi )ey
and is given by [1, Eq. (59)]
2
oin kX cos gine tne
(Pinc)e = 20xAy sin einc ¢ inc ) ejkiAx cos © ,
y kAx cos 8
2

1-1,2’ ...Lx-l (8)
In (7),Y is the square matrix whose 1ij element is called Y,, and is given

1]
by [1, Eq. (23)]

PPN AN

- d8x8y (Lgosogy 11 (4 (-1+3/2)
: Yij s [2 Ic(j -3 Ix(:i i+l) + 3 Ic(j-1+1)
N
- i1 g1y - G132 g (g + Lo (1 (5-141)
» 2 x 2 c 2 ‘¢
N (kiAx)
- 21 (3-1) + I (3-1-1))] (9

The j that appears in the factor jAxAy/(mn) on the right-hand side of
N (9) is /=I. Each of the rest of the j's on the right-hand side of (9)
‘Z is the subscript j on Yij' In (9), n is the impedance of free space.

Moreover, Ic and Ix are given by [1, Eqs. (27) and (28)]

o3 VX 4y
Ic(i) =2 J dy ] dx (10)
X

e el A
PO S T ML«




)
< .

» @

y x
. 2 u ) u L e_j,x2+y2
AR Tl B — 1)

0 Xy x2 + y2

where
y, = kby/2 12)
x = (1 +1/2)kix . (13)
x, = (1 - 1/2)kAx (14)

It is evident that Ic(i) is even in i and that Ix(i) is odd in 1.
When the incident magnetic field ié given by (6), the coef-

ficients {V,} in (1) are the elements of the column vector V that

h|
satisfies
W = - (Finc) @as)
xx
where the ith element of the column vector (Finc)xx is called (Pinc)xx
and is given by [1, Eq. (65)]
inc
kAy cos
sin __L—Q-—- inc
(Pinc)xx - - 2AxAy 2 — ) .j(kAy/2) cos ¢ ,
kAy cos ¢
2
1-1.2. .o -Lx-l (16)
In (9),
2-1.x < -1 < Lx-z an
but, because (9) is even in j-i,
0<3-1< Lx-—2 (18)
is sufficient. Therefore,
-1<1<L-1 19
DRy -f.-l".'a'ﬁ:»",;..,_'l:,':';‘-’;.'.. ‘.-".--T.-.'.'. .\'_'-.7 "‘, .b L P -'.h -._ .._.-‘. -‘_‘:{.". -._‘-'.... et atacLt . ..“..- "‘.:‘_’ :" -




is sufficient in (10) and (11).

The integrals (10) and (11) are evaluated by using the following

four term approximation [1, Eq. (39)]

v - -ir N .
e 2 e T ageer) - 5 o+ L e (20)

where . . ‘

/ 2 2
r=yx +y (21)
.~ | d1eax | (22)

Substitution of (20) into (10) gives {1, Eq. (42)]

-jr
i
Ic(i) = (clu1 +C,U, + c31;x3 + 04U4)2e (23)
where 2 2
Ty Ty
Up=l-+ir, Q- (24)
2
Ty
Uz-ri-j a--) (25)
U. = -1@+ijr) (26)
3 2 i
-d '
Ua 3 27)
Yu *a
n-2
Cn - J dy J dx r , n=1,2,3,4 (28)
0 X,
Substitution of (20) into (11) gives

2e
I (1) = (XU + XUy + XUy + X,U) =7 (29)
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where Ul, U2, U,, and U, are given by (24)-(27) and

3 4
u *u
X = j dy J dx xr®~? ,» n=1,2,3,4 (30)
0 0

Using the indefinite integrals [l, Eqs. (46)-~(54)], we obtain

€L " A ~ A0 * Ayu (31) .‘,:-.." )
. ‘o,
Com 2 xr —xr +L 24 -2, 4y ) (33
3773 4~ FT) Y g (A T ¥ Y YA ) e
L b
=1 2 _ L2 0
C4 3% (xurk x2r3) (34 A
=Ll ) x A - xA) & B
5 =3 Yu't47T3 Xatxu T ¥tk 3) RS
= »
XZ riCZ sign (1) (36) :mu_;-—
o
rz-rg xir 4-x§r 3 1.3 3 :'-:
x3 = yu ¢ 12 + 8 ) + ) (quxu-szxﬂ,) (37) ::':Ef::
PSRIELA
. 2, (k&x) ‘u 3 o
X, riyukAx (r:l + 7+ 3) sign (1) (38)

where sign (i) denotes the algebraic sign of i. If i=0, then sign (i)

is inconsequential because the term that multiplies it is zero. In ~—

(31)-(38) [}

2 2
r, = \/x2 +y, (39)

r, =y X + 7y, (40)

y + LA
A =x log () L
Xxu u |xul (41) 9
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y + r3
sz = leog ( - ) (42)
L
x + ra
Ayu - y log (—-F—r-;) (43)

Here, log denotes the natural logarithm.

Substituting Y/2 for Yb in [2, Eq. (27)], we obtain for the com-

plex power Pt transmitted through the aperture

1l .
= *
Pt 3 [YV] (44)
where V is the transpose of V and * denotes the complex conjugate.
Since the incident magnetic field is given by either (5) or (6), YV

is given by either (7) or (15) so that (44) reduces to

1 ~
Pt = - = VpP* (45)

N

inc)

where P is r oy if the incident magnetic field is given by (5) and

P is (Pinc)

if the incident magnetic field is given by (6).

The transmission coefficient T is the ratio of the real power
transmitted through the aperture to the real power Pinc incident on
the aperture. Since the incident magnetic field is given by either

(5) or (6), we obtain

Pinc = an AxAy cos a (46)

where a is the angle between the propagation vector of the incident
wave and.gz. Here, u, is the unit vector in the z direction. Since
the incident magnetic field is given by (5) or (6), inspection of
[1, Fig. 1] reveals that

cos & = - gin B (47)

TR e T

‘.“' ',u_"'). -----
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vhere 8 is either the angle e‘“‘ in (5) or the angle ¢inc in (6). From

(45)-(47), we obtain

e
_ _Real (VP%)
ZanAxAy sin B (48)

T

The scattering cross section T(6,¢) is the area that the incident
power per unit area must be multiplied by in order to obtain the power
which, when radiated omnidirectionally into the z > 0 half space, would
produce the actual power per unit area at (8,¢). The above definition
of T leads to [1, Eq. (72)]

2 k4 am*) 2
/N = —5 [P |
327 n
where A is the wavelength and B™ is the transpose of a measurement
vector P®. For the polarized pattern in the y=0 plane, T is called
(T)ey and " is (fm)ey where (-I;m)eyis the column vector whose ith ele-~
ment is given by (8) with the angle of incidence einc replaced by the

observation or "measurement" angle 6".

4
2 k 5 312
(D I = ——= | (D, V]|
Oy 32,"3]_12 Oy

For the x polarized pattern in the x=0 plane, T is called ('t)xx and
™ 1s (-Pm)xx where (gm)xx is the column vector whose ith element is
given by (16) with the angle of incidence ¢inc replaced by the

m
measurement angle ¢ .

4
2 k m, 22
(T)xx /A" = 32,"_3r]2 I(P )xxv‘
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The main program uses the subroutines YMAT, PLANE, DECOMP, and
SOLVE to calculate the coefficients {vj} appearing in expression (1)
for the magnetic current, the transmission coefficient (48), and the
scattering cross sections per square wavelength (50) and (51). The
main program is described and listed in this section. Sample input
and ocutput data are provided so that the user can verify that the
program is running properly. '

In the listing of the main program,rline 4 defines the input
data file and line 5 defines the output data file. The input data

are read according to lines 10 and 11 which are

READ(20,11) LX, LI, NTH, DX, DY, TH

11 FORMAT(3I3, 3E14.7)

Here, LX is Lx’ DX is Ax/\, and DY is Ay/\ where ) is the wa@elength.
and, as in Section 1I, LxAx is the length of the aperture in the x
direction and Ay is the width of the aperture in the y direction. LX
is a positive integer greater than or equal to 2. LI is either 1 or 2.
If LI 1s 1, then the incident magnetic field is given by (5) and TH is
einc of (5). If LI is 2, then the incident magnetic field is given by
(6) and TH is ¢1nc of (6). The input variable TH is in degrees. The

normalized cross section (50) is calculated at

8™ = (J-1)m/ (NTB-1), J=1,2,... NTH (52)

and is written on the output data file under the heading TAUl. The

normalized cross section (51) is calculated at

~ .« @ ., w e 4w -
-

S A
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¢" = (J-1)7/(NTB-1) , J =1,2,...,NTH (53)

and is written on the output data file under the heading TAU2. The
right-hand sides of both (52) and (53) are in radians.

Minimum allocations are given by

COMPLEX Y(N*N), P(2*N), B(N), V(N)
DIMENSION IPS(N)
where

N=1LX -1 (54)

Line 20 stores by columns in Y the elements of the matrix Eigk; Y

where Y appears in (7). Line 24 stores in P(l) to P(N) the elements of

ZAiAy (;1nc)ey where (-finc)ey appears in (7). Here, N is given by (54).
1 =inc
Line 24 also stores in P(N+l) to P(2*N) the elements of 3ixdy (P )xx

vhere (finc)xx appears in (15). Equation (7) is recast as

=3 1 *inc ‘
[y Y1V = 32m e 779, (55)
Equation (15) 1is recast as
™ z 1 +inc
[33;3; YIV = j2m [E;Z;Z; P ) (56)

The square matrix [3%2%; Y] is common to the left-hand sides of both
(55) and (56). This is the matrix that resides in the computer program
variable Y. The bracketed quantity on the right-hand side of (55) 1is
the column vector that resides in the computer program variables P(1)
to P(N) where N is given by (54). The bracketed quantity on the right~
hand side of (56) 1s the columm vector that resides in the computer

program variables P(N+l) to P(2™W). If LI is 1, DO loop 16 performs

» -

c‘"o'
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the multiplication by the factor UV = 2jm in (55) in order to store
the elements of the right-hand side of (S5) in B(l) to B(N). If LI

is 2, DO loop 16 stores the elements of the right-hand side of (56)

in B(1) to B(N). If LI is 1, lines 33 and 34 put in V(1) to V(N) the
elements of the column vector V that satisfies (55). 1If LI is 2,

lines 33 and 34 put in V(1) to V(N) the elements of the column vector
V that satisfies (56). Since the elements of V are the {Vj} of (1), it
is evident that the coefficients {Vj} in the expansion (1) for the ﬁag-
nétic current M will reside in V(1) to V(N).

Equation (48) is recast as

Real (V ?E:]?A-y' -P")

T=— T 5m? (57)
X

In (57), 8 is TH and 53%3; F is the column vector that stored in either

P(1l) to P(N) or P(N+l) to P(2*N) according as LI is either 1 or 2. With
~ 1 =

regard to (57), DO loop 17 accumulates V 3hxby P* in Ul. Line 44 puts T

of (57) in the computer program variable T.

Equation (50) is recast as

2
(1) ey/)\2 - _(_‘S__S"‘_glL

|
8T

1 ~m 2
M (P )eva (58)

Equation (51) is recast as

(k2ax
8

2
Ay) 1 ~m, 2|2 :
3n2 I 2MxAy & )xxvl (59)

(r)m‘lk2 -

/U N

The index J of DO loop 19 obtains

o™ = (J-1)m/(NTH-1) (60)
in (58) and

. o e
, '... o, a

" et
st )t o "

¢™ = (J-1)7/(NTH-1) (61)

’

y
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in (59). The value of the right-hand side of (61) is the same as that

of (60). Inside DO loop 19, line 53 puts this common value in TH. With
regard to (58) and (59), line 54 puta the elements of —+—— ZAxAy (P )ey
P(1) to P(N) and the elements of m (F“)xx in P(N+l) to P(2*N). DO
loop 21 lies inside DO loop 20 whose index is K. 1If K= 1, DO loop 21
accumulates —e=—— ZAxA (Pm) V in U1. If K= 2, DO loop 21 accumulates
2AxAy (p“) V in Ul. When K = 1, line 64 puts (T gy /x of (58) with o™
given by (60) in TAU(l). When K = 2, line 64 puts (T)xxlk of (59) with

¢m given by (61) in TAU(2).

Wy g g 07 @
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& go1¢C LISTING OF THE M4AIN PRCGRAN

- 002 COMPLEX D,0V,Y (1600),P(100),B(40),V(40),01,CCNJIG

\ 003 DINEESION IPS(40),TA0({2)

N 004 CPEN (UNIT=20,PILE=°*NAUTZ3. DAT')

. aos OPEN(UNIT=21,FILE="NAUTZ4.DAT")

; 006 BPI=3,.141593
007 ETA=376.730
003 0={0.,1.)
009 UV=2,¢PI*ETA*0
010 READ (20,11) . LX,LI,NTH,DX,DY,TH
011 1 FORMAT (313,3214.7)
012 SRITER(2%,12) LX,I1I,NTH,DX,DY,TH
013 12 PORMAT(* LX LI NTH',5X,*'DX’,12X,'DY',12X,°'TH'/1X, R
014 1 3I3,3BW.7) '®
015 EK=2,#P1 I
016 DI=DX*BK :
017 CY=DY*EK .

- 18 £8=180./P1 “

- 019 TA=TH/P8 =
020 CALL YIMAT(LX,Di,DY,Y)
021 WRITE(21,13) (Y (I),1I=1,3)
€22 13 FORMAT(® Y'/(1X,€EE11.4))
023 N=LX-1 '

- 024 CALL PLANE(TH,LX,DX,DY,P) . f$ﬁ:?

s 025 SRITE(21,14) (P(I),I=1,3) B
026 14 FORMAT(®* P'/1X,6211.4) e
027 IA=(LI-1) *N SR
028 IB=IA -
029 Lo 16 J=1,N -
€30 IBsIB+1 e
031 " B{J)=0V*P(IB) it
32 16 CONTINUE 2
¢33 CALL DECOHP (N, IPS,Y) RS
03" . C‘LL SCLVE{B,IFS.Y,B,V) ":-'.".'-
035 SRITE(21,24) {(V(I),I=1,Y)
C36 24 FOBMAT (* COEPPICIENTS V CF MAGNETIC CORRENT °,
037 1 YEXPANSICN PONCTIONS'/(1X,6E11.4)) SR
38 81=0. | L.
c39 IBsIA GRS
49 DO 17 J=1,N

- 041 IE=IB+1

- 042 C1=01+V (J) *CONJIG (B (IB)) R

) 04l 17 CONTINOE vg o ®

- Cuu TaREAL(U1) /(LX®*ETA*SIN (TH)) A

- ous WRITE(21,18) T

- Qué6 18 FORMAT (* TRANSAISSICY CORPPICIENT T=',R14.7)

5 Cu? CT=DX*DY/ (PI*ETA)

) Ccu3 CT=CI*CTI/(3.*?1)
049 CTH=PI/ (NTH-1)

@ 0540 W2ITE(21,23)
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051 23 FOBMAT(* ANGLB',4X,°*TAUY!,7X,°TAU2")

2 052 po 19 J=1,NTH
5 053 1= (J~ 1) *DTH
oS4 CALL PLABE(?H,1X,DX,DY,PB)
ey 055 TH=TH*P8
- €56 - Ji=0
N 057 go 20 K=1,2
- 058 01=0.
' 059 £o 21 I=1,8
i 060 J1=d1+ 1
s 061 01=01+2 (31) sV (1)
L 062 21 CONTIROZ
L 063 E=01*CONJIG(U1)
" 064 TAU(K) =CT*H
- 065 20 COWTINDE
066 WRITE(21,22) TH, (TAU(I),I=1,2)
067 22 FORNAT (1X,77.2,2E11.4)
- 068 19 CONTINUE
2 c69 sTO0P
070 END

INPOT DATA IV THE PILE YAUTZ3.DAT

5 119 0.5000000E-01 0.5000000E-01 0.2790000F+03
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OUTPUT DATA IN THE FILE MAUTZU4.DAT
| LX LI NTH DX DY 18
’ 5 119 0.50000008-01 0.5000000E-01 0.2700000E+03

"

~0.15318402-0.6526E-01 0.6646E+01=0.6463IE=01 0. 1312240 1=0.6274E-01

P
y ~0.10002+0 =0. 14 712~06~0. 1000E+01-0. 29 41E=06-0. 100 0E+0 1-0. 34 122-06
I COEPPICIENTS V OF MAGNETIC CURRENT EXPANSION PUNCTIONS

0.45112402 0.5916E+03 0.6238E+02 0.8153E+03 0.62388+02 0.815S3E+03

v 0.4511E+02 0.59162+03
o TRANSMISSICN CORBPFPICIENT T= 0.1141263E+00
- ANGLE TAU1 TAUZ

0.00 0.0000E+00 0.2186E~02

10.00 C.5885E~C4 0.2186E~02
20.00 0.2308eE-~03 0.2188E-02

30.00 0.5016E=-03 0.2190E~02
40.00 C.8u4622-03 0.2193B~02

50.00 0. 12282-~02 0.2196E8~02

60.90 0.16022~-02 0.2199E-02

70.00 0. 19182-02 0.2202E£~C2

80.00 0.2129E-02 0.2203B-02

90.00 C.22048~02 0.22042~-02
100.00 C.2129B~-02 0.22C3E-02
110.00 C.1918E~C2 0.2202E-02
120.00 C.1602E~02 0.21992~-02
130.00 C.1228E~-C2 0.2196E~02
140.00 C.84622~03 0.2193E-02
150.00 C.50162~C3 0.2190E~-02
160.00 C.2308e~-C3 0.2188E~-02
170.00 C.5885E~C4 0.2186E~-02 NN
180.00 C.2088E~15 0.2186B~02 e -

A

’ ..' ,'. )
I '... ,‘ ) ?'

.
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IV. THE SUBROUTINE YMAT

The subroutine YMAT(LX, DX, DY, Y) stores by columns in Y the
matrix 3&5%; Y that appears in (55) and (56). The first three argu-
ments of YMAT are input arguments. The aperture is LX subsections
long in the x direction and one subsection wide in the y-direction.

i DX 1s kAx and DY is kdy where k is the wave number, Ax is the subsec~
i tion length in the x direction, and Ay is the subsection width in
the y direction.

Minimum allocations are given by
' COMPLEX TC(LX+l), TX(LX+l), YXX(N), Y(N#N)

i vhere N is given by (54).

Inside DO loop 16, Ic(I-l) of (23) 1is put in the computer program
I variable TC(I+l). Here, I is the index of DO loop 16. Also inside DO
loop 16, Ix(I-l) of (29) is put in the computer program variable TX(I+l).
The logic inside DO loop 16 is best understood by building up a table of

variables in YMAT versus expressions in terms of variables in Section II.

e e

; Variables in YMAT Expressions in Section II

é I i+l vhere i appears in (23) and (29)
; YU Yo of (12)

- XU x, of (13)

i XL x, of (14)

; Rl ri of (22)

ul U, of (24)

‘ U2 U,C, of (25) and (32)

é u3 v, of (26)

o ot 21

PR ".'o .‘- "u'_"t.“

O N AT RN

TN
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-Jri
EX 2e of (23) and (29)
R3 r3 of (39)
R4 r, of (40)
AXU A, of (41)
AXL sz of (42)
AYU A of (43)
yu
cl ‘ C, of (31)
c3 Cy of (33)
C4 c, of (34)
i TC(I+1) I_(1) of (23) with 1 = I-1
X1 'Xl of (35)
3 X3 X, of (37)
F X4 Xa of (38)
A TX(I+1) I_(1) of (29) with 1 = I-1

Taking advantage of the fact that Ic(i) is even in i, line 46 stores
Ic(-l) in TC(1). Taking advantage of the fact that Ix(i) is odd in {4,
line 47 stores Ix(-l) in TX(1).

Inside DO loop 20, lines 51 and 52 put in YXX(J-1l) the square
bracketed term on the right-hand side of (9) with j-i = J~2. Now, we

have

~m_ - - -y = -
Jaxby Yij YXX(] -i+1), j-1 0.1,2.....!..x 2 (62)

Because Yi is even in (j-1i), (62) becomes

. |
j

: 3£Ek§ L TXX(|3-1[41), [3-1= 0,1,2,..., L -2 (63)
. Inside nested do loops 23 and 21, line 59 puts 3%2%; YIJ of (63) in the
i computer program variable Y(I + (J-1)*N) where N is given by (54).

.
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N 001c¢ 1ISTING OF THE SUBRCUTINE YNAT
" 002 SUBROUTINE YMAT(LIX,DX,DY,Y)
003 cospiex 0,01,02,03,04,EX,TC(100),TX(100)
004 COMPLEX YXX(100),Y(1600)
cosS DX2=DX*DX <
006 N=slX~-1
007 U=(0.,1.) RN
008 g4a=, 1666667*0 AR
009 YU=, S#DY 054 J1=0 o
010 YUD=YU*DX 055. LO 23 J=1,¥
c11 102=10*Y0 : Qs é co 21 1=1,N o
812 Y03=.3333333*10 Q57 JY=JY+1
013 YO4=_258DX2+Y03%Y0 058 K=IABS {(J-1) +1
01s £O 16 I=1,LX . 059 Y(JY)=YXX (K) i
015 IP=I+1 060 <1 CONTINUE 0. ..
016 X0=(I-.5) *DX 061323 CONTINOE AR
017 102=X0*1D 062 RETUEN
018 IL=XU-DX 063 END
019 IL2=11#*1L
020 Ri=(1I-1) *DX
021 R2=R1*R1 ’
022 R0I1=1,-.5*R2Z .
c23 D1=BU0I+R1* (1.~. 1666667%K2) *0
C24 2= (R1=-RO1*0) *Y0D
025 03'-0 5-0 S‘R 1‘0 T~
026 EX=2.% ({COS(R1) -U*SIN(R1))
027 R7=X12+102
028 R8=X02+102
029 E3=SCRT (R7)
030 F4=SQRT (R8) S
031 AXU=IU*ALOG ( (YO+R4) /X0) N
032 AXL=XL*ALOG ( (YU+RI) /ABS(XL)) Ei.-'
033 AYU=YU*ALOG ( (XU+B4) / (XL+R3))
034 C1=AXU=~AXL+AYU el
035 CI3=Y03* (XU*RU=XL*RI) ¢+, 1666667 (XU2*AXU~-XL2*AXL+YU2*AYU) ROAAS
038 C4=Y03% (XU*RE=-XL*R7) ’
037 TC (IE) = (C1%01+02+CI*U3 +CU*UY) *EX RN
038 AXU=X0*A X0 ‘e
€39 AXL=XL#AXL —
040 L=, 5% (YU* (R4U=-BRI)+AXU-AXL)
Ou1t A3=YU* (.8333323E~ It(natau-a7taa)+.125*(:02*BU-XL2*33))
042 1 +,12S% (XU2*AXU-XL2*AXL)
043 AU=RI1*Y0D* (R2+Y04)
Cau TL(IP)= (X1*01+31202+X3*03+X4*04) *EX/CX
045 16 CONTINUE
Cub TC(1)=TC(3)
ca? IX(1N)==TX(3)
Ous o 206 J=2,LX
049 JM=J-1
050 Jo=J+1
051 XX (IN)=. 5% (TC (J)=TX (JP) ¢+ (J=.5) *TC (JP) +TX(JN)~
€52 1 (J=3.5)*TC(JM) ) ¢+ {IC (IP)=2. *TC (J) +TC(IN)) /DX2
853 20 CONTINUE

-, - . TN N T
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V. THE SUBROUTINE PLANE

The subroutine PLANE(TH, LX, DX, DY, P) stores in P(1l) to P(N)
the quantities

kix cos 617 2

sin ( inc
ZAiAy (Pinc)e - sin e:lnc ( 2 — ) ejkiAx cos 0O ,
y kAx cos 9§
2
1-1,2,...,N (64)

where (64) comes from (8) and N is (Lx~1). The aperture is Lx sub~-
sections long in the x direction and one subsection wide in the y

direction. In (64), k is the wave number, Ax is the subsection

length in the x direction, and Ay is the width of the aperture in the
y direction. Moreover, the subroutine PLANE stores in P(N+l) to P(2N)

the quantities

ine
kAy cos ¢
1 inc 8in 2 j(kAy/2) cos ¢1nc
2A8x Ay (Pi )xx == ¢ inc ) e ?
kAy cos ¢

2 1=1,2,...,N (65)

where (65) comes from (16). The angle ¢1nc in (65) is assumed to be
the same as Ginc in (64). The first four arguments of PLANE are input

€ in (64)

arguments. In radians, TH is the common value of Binc and ¢in
and (65). Furthermore, LX is Lx' DX is kAx, and DY is kAy. LX is a
positive integer greater than or equal to 2.

The minimum allocation for P is given by

COMPLEX P (2*N)
where N is given by (54).
Lines 5 and 6 set

CX = kAx cos (TH)

1

CY = 2

kAy cos (TH)
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If cos (TH) % 0, then lines 11 to 14 set

b sin (kAx cos (TH)

2 ) 2 | —
SX = sin (TH) ( kAx cos (TH) ) Q-

2

L

Y S
AR EMRE N

sin (kAx co; STH))

kAy cos (TH)
2

SY = -

If cos (TH) = 0, then lines 8 and 9 set SX and SY equal to the limits

of the above two expressions as cos (TH) goes to 2ero, namely . N

SX = sin (TH)

SY = - 1

Inside DO loop 13, line 19 puts in P(I) the right~hand side of (64) with 1
replaced by I where I is the index of DO loop 13. Note that the right-

hand side of (65) does not depend on i. Line 21 puts in Ul the right-hand ..-__
side of (65). DO loop 14 puts the right-hand side of (65) in P(N+l) to

P(2*N) where N is given by (54).

L )

. 'd
PN e




A go1c LISTING OF THE SUBROUTINE PLANE :E
3 002 SUBRCUTINE PLAMNE (TH,LX,DX,DY,P) o
Q3 COMPLEX U,U1,P(100) *
094 CS=CCS (TH)
Q5 CX=LX*CS
006 Ci=,5#pY*CS
007 IF(CS) 11,110,111
00810 SX=S1IE(1IH)
009 sY=-1.
010 GO TC 12
01111 ST=.5*CX
012 SX=SIN{SX)/SX
¢13 SX=SIN(TH) *SX*SX
. 014 SY=-SIN(CY) /CY
o 01 5’2 03‘00110’
N 016 N=LX-1
. 017 [0 13 I=1,N
- 018 S=I*CX
- 019 P(I) =SX* (COS (S) +U*SIN(S))
Y 02013 CONTINUE
g 021 U1=SY* (COS {CY) +U*SIN(CY))
.- 022 Lo 14 J=1,8
'_Z 023 Isg+it
3 024 B (I) =U1
z 02514 CONTINUE
- 026 EETURN
027 END

- e e a- . . o« B SR L R )
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VI. THE SUBROUTINES DECOMP AND SOLVE

The subroutines DECOMP(N, IPS, UL) and SOLVE(N, IPS, UL, B, X)
; solve a system of N linear equations in N unknowns. The input to

DECOMP consists of N and the N by N matrix of coefficients on the

left-hand side of the matrix equation stored by colummns in UL. The

")
_\.J'
-

]

v v .
l;'l

L,
LR ',.,
.

A

output from DECOMP is IPS and UL. This output is fed into SOLVE. The
g rest of the input to SOLVE consi_sts of N and the colummn of coefficients N
! on the right-hand side of the matrix equation stored in B. SOLVE puts
the solution to the matrix equation in X.
Minimum allocations are given by
COMPLEX UL (N*N)
DIMENSION SCL(N), IPS(N)
in DECOMP and by
COMPLEX UL(N#*N), B(N), X(N)
DIMENSION IPS(N)
in SOLVE.

More detail concerning DECOMP and SOLVE is on pages 46-49 of [3].
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001¢C LISTING OF THE SURBOUTINE DECOMP

002 SUBRCUTINE DECCMP(N,IPS,OL)

003 COMPLEX UL{1600) ,PIVCT,2N

004 CINENSION SCL(40),IPS(40)

005 PO 5 I=1,N

006 IPS (1) =1

007 3N=0.

008 J1=1

009 DO 2 J=1,M

010 ULM=ARS (REAL (UL (J1))) +ABS (AINAG (UL (31)))
011 J1=J 148

012 IP (RB-OLN) 1,2,2

013 1 BN=0LN

014 2 CONTINUE

015 SCL(I)=1./R¥

016 = CONTINUE

017 NS 1= =1

018 K2=0

019 DO 17 K=1,NN1

020 EIG=0.

021 0O 11 I=K,H

022 IP=IPS (I)

023 IPK=IP+K2

024 SIZE= (ABS (REAL (UL (IPK))) +ABS (AINAG (UL (IPK)))) *SCL (IP)
025 IF (S1ZE-B1G) 11,11,10

026 10 BIGSSIZE

027 1PV=]

028 1 CONTINUE

029 IP(IBV-K) 14,15, 14

030 14 J=IPS (K)

031 12S (K) =IES (IEV)

032 IPS (IPV) =J

033 15 KPP=IDS {K) +K2

034 EIVOT=0L (KPP)

035 EP1=Ke 1
036 LO 16 I=KP1,H SRR
037 RP=KPP : ®
038 IP=IPS (I) +K3Z

039 EA=-0L (IP) /PIVOT

040 18 UL (IP) =~EN

041 DO 16 J=KP1,N

cu2 IP=IP+N

c43 KP=KE+N

044 OL (IF) =UL (IP) +EN*UL (K?)

ouS 16 CONTINOE

cu 6 K2=KZ+N

ou7 17 CONTINOE

048 RETURN

Y END
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050 C
051
052
053
a54
055
056
057
058
059
060
61
062
063
064 4
€65 3
066
067
068
069
070

072
073
074
¢75
076
0717
078 3
079
0890
081

£

LISTING OF THE SUBRCUTINE SCLVE
SUBRCUTINE SOLVE(N,IPS,0L,B,X)
COMPLIEX UL(1600) ,B(40) ,X(40),S0N
DIBENSICN IPS(40)
NPi=N+ 1

IP=IPS (1)

I(1)=B(IP)

DO 2 I=2,H

IP=IPS (1)

IPB=1pP

In1=1=-1

sun=(0,

o 1 J=1,1IM1
SUN=SUN+OL (IB) *X (J)
IP=IE+N

I1(X)=B(IPB)-SUN

K2=N* (N~-1)

IP=IPS (¥) +K2

X (W) =X (N} /UL (IP)

DO 4 IBACK=2,N

I=¥P 1-IBACK

K2=K2-N

IPI=IPS(I) ¢+K2

IPI=sI+1

Ssgn=0.

IP=IEI

Lo 3 J=1P1,N

IP=IBeN
SUN=SUNMSOL (IP) *X {J)
X(I)=(X(I)-S0N) /0L (IPI)
RETURN

END

»
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